ABSTRACT
Introduction
Since the Antiquity, medicinal properties have been attributed to the flower commonly known as calendula (Calendula officinalis L.), from the Asteraceae family. It seems that its use has been more disseminated from the XIII century on, and it was initially utilized for healing wounds. It was employed as unguent and ointment, as an antiseptic and an anti-inflammatory, during the North American Civil War and the World War [1] [2] [3] [4] [5] . Few experimental models have been carried out for the evaluation of the anti-inflammatory activity of the C. officinalis. One of these models was conducted by means of the induction of ear edema by croton oil and another one by the use of carrageenan-induced paw edema [4] [5] [6] . Patrick et al. 7 carried out a study with European C. officinalis flowers by the use of the chorioallantoic membrane (CAM) of chicken fertilized egg. They demonstrated the inductive role of the plant on the microvascularization. The CAM has been often used in the assessment os substances with pro-angiogenic activity, such as the vascular endothelial growth factor (VEGF), and antiangiogenic, such as the endostatin [8] [9] [10] . The CAM is transparent, composed by a highly vascular mesoderm, which is part of the three extra-embryonic membranes that protect and nourish the embryo 11 . The use of CAM as an experimental model is justified because it is simpler and cheaper than the use of mammals. The FDA (United States Food and Drug Administration) has aproved the carrying out of pre-clinical evaluations with this experimental model in studies of substances employed in the treatment of chronic cutaneous ulcers and burn wounds [8] [9] [10] [11] [12] . The quantitation of angiogenic response in the CAM can be carried out by manual score, morphometry with the aid of softwares, or the imaged points count 13 . In this study, we aimed to evaluate the angiogenic activity of the ethanolic extract and its fractions produced from C. officinalis flowers (CEE) cultivated in Brazil. For that, models of CAM of fertilized chicken eggs and of mice´s cutaneous wounds were used. The immunohistochemical technique was used to evaluate the effect of the CEE in the angiogenesis and in the expression of vascular endothelial growth factor (VEGF) on rats´s derm.
Methods

Preparation of the ethanolic extract and its fracions
Dry and pulverized C. officinalis flowers from Parana State (February, 2006) were obtained at the company Empresa Clorofila (Goiania-GO, Brazil). As for quality control, pharmacognostic evaluation of this vegetal species was carried out at the Laboratory of Natual Products Research, from the Phamarcy Faculty, Federal University of Goias, according to the techniques described by the Brazilian Pharmacopeia IV 14 .
To obtain the ethanolic extract (CEE), 200g of the pulverized flowers were extract with 100 mL of ethanol PA 96º GL, by maceration, for three days, at room temperature, with occasionally shaking, and concentrated in a rotary evaporator at 40ºC.
Hexanic and dichloromethane fractions were obtained from 10g of the CEE, which was solubilized in a methanol/ H 2 O (7:1) mixture and firstly extracted three times with 50 mL of hexane and, later, extracted three times with 50mL of dichloromethane. The extracts were concentrated on a rotary evaporator. Ethanolic extract and hexanic and dichloromethane fractions solutions at 1%, solubilized in 70% ethanol, were prepared to evaluate the angiogenic activity in the CAM. To evaluate the angiogenic activity in cutaneous wounds on rat´s derm, a CEE aqueous solution at 1% was daily prepared.
Experimental animals
The experimental protocol with the animals used in this study was approved by the Research Ethics Comitee of the Federal University of Goias, under the number 019/2007. Twelve female rats (Rattus norvegicus albinus), Wistar lineage, at 80 days of age, weight of 150-200g were used. Animals came from the Animal Colony of the Federal University of Goias (UFG), Goiania-GO, Brazil. Animals were adapted at the Experimental Surgery of the Veterinary School, UFG, for 10 days, and kept in individual polyethylene cages covered with coarse sawdust, under controled environmental conditions (temperature at 23±2ºC, relative humidity of air at 50-70%, and 12-hour-light/ dark photoperiod). Water and ration were supplied ad libitum.
Chorioallantoic membrane (CAM) model
Preparing the CAM The CAM was prepared for the evaluation of the angiogenic activity according to methodology adapted from Kim et al. 16 Ninety 2-year-old embryonated eggs of Cobb chicken, obtained from 34-35 week-old female broiler breeders, were used. The eggs were placed in incubators (Premium Ecológica IP-130), under invariable humidity (67.5%) and temperature at 37ºC, and randomly divided into six groups with 15 eggs each to undergo the following treatments: SC 1 = solvent control (ethanol 70%); SC 2 = distilled water; PC = positive control at 1% (17 ß-estradiol); CEE = ethanolic extract 1%; DCF = dichloromethane fraction 1%; and HCF = hexanic fraction 1%.
Egg shell opening, albumen withdrawn and the treatments were performed in a Chamber of Biological Safe type II. On the third incubation day, 2-3 mL of albumen were withdrawn, through a small opening in the shell. Later, the opening was sealed with histological paraffin at melting point. Incubation continued until the tenth day, when the eggs were treated with 0.1mL of the solution specific to each group, instilled on the CAM surface.
The eggs were resealed and incubated for two more days. After the embryos euthanasia by medullar section at the atlanto-occipital joint, the CAM fragments of each egg were collected for morphometric analysis and quantitation of the number of blood vessels.
CAM morphometric evaluation
As for the morphometric analysis, a fragment of fresh CAM of ten eggs from each group was collected and expanded on a glass slide, over which a coverslip was superposed.
The slides reading was carried oud with the aid of an image digital analysis system, that is, a digital videocamera (Sony Cyber-Shot 3.2 MP, model DSC-P71) that transmits the captured imaged from the microscope (Carl Zeiss © , model Jenaval, with plan achromatic objectives) to a computer (Pentium ® 4, 3,20 GHz, 1GB RAM memory), with digitizing board and software Image J 1.3.1, NIH, United States. The percentage of vascular area per field, matching the red marked areas, was calculated in a Windows environmet. Thirty random fields that presented blood vessels were photographed.
Evaluation of the inflammatory cells and of the CAM blood vessels
The membranes fixed in buffered formaline were processed, included in paraffin, and stained by the hematoxylin and eosin technique. The images were captured as described above. The inflammatory cells present in the CAM were evaluated in twenty randomly photographed fields. The results were visually classified according to the intensity found, and the data were transformed into quantitative variables, by assigning the following scores: absent (0), discrete (1 to 25%), moderate (25 to 50%), and accentuated (over 50%).
Blood vessels count of the CAM mesoderm was carried out by the use of planimetry by point counting, with the aid of the software GIMP 2.4.3. A square lattice composed by 25 points was suporposed to the histological image, and only the vessels in the interssections within the visual field were counted, according to the models suggested by Ribatti et al. 11 and Prado et al. 16 .
Rat´s cutaneous wound model
The animals were randomly distributed into two groups with six animals each and submitted to the treatments: SCsolvent control (distilled water) and CEE -ethanolic extract 1%.
To induce the wounds, a circular metal punch (1cm diam) was used in the dorsocervical region of each animal. The anesthesia consisted of the administration of ketamine (70 mg/Kg, IM) and xylazine (10mg/Kg, IM). After the surgery, 100µL of the test solution (CEE) and solvent wore instilled on the wounds. This procedure was repeated daily at the same time. On the 7th day of the postoperative period, the animals were submitted to euthanasia in CO 2 chamber, in order to collect a skin fragment from the surgical wound area. The fragments were preserved in 10% buffered formol.
Tissue sections (5µm) were expanded on silane-coated histological slides (3, aminopropyl-triethoxysilane, Sigma Aldrich, USA), and kept in a hothouse at 36ºC for a better tissue adhesion to the slide. After that, the sections were deparaffinized and rehydrated. Then, the antigenic recovery was performed in a citrate solution (pH 6.0), in a water bath at 95ºC, for 30 minutes, followed by endogenous peroxidase blocking. The slides were incubated in bovine serum albumin (BSA) at 3%, for one hour, at room temperature in a wet chamber, in order to block unespecific marking.
After that, the slides were incubated in VEGF primary antibody (147) (Santa Cruz Biotechnology, Antibody sc-507), 1:500 dilution, in wet chamber, overnight, at 4ºC. Then the streptavidin-biotin-peroxidase complex (kit LSAB -Dako K0690) was instilled on the slides for 20 minutes each reaction, in a wet chamber at room temperature. The reaction was revealed with diaminobenzidine (DAB) solution, for 1 minute. A PBS solution was used for washing between the steps. The sections were counterstained with Mayer´s hematoxylin, for 30 seconds, and the slides were mounted with synthetic resin (Sigma Aldrich, USA) and histological coverslips. As for negative control, the skin samples were incubated with TRIS buffer, pH 7.4.
Derm images were captured by the same procedures used to capture CAM images. Planimetry by point counting was used to count blood vessels and to evaluate the intensity of VEGF expression in endothelial cells.
The histological slides preparation, the photomicrographies of the fresh CAM fragments, morphometric analysis, and planimetry by point counting were performed by the same observer.
Statistical analysis
The results were submitted to statistical treatment by the use of GraphPad InStat software (Version 3.05 for Windows). From the Kolmogorov-Smirnov test for normality, the CAM data were evaluated by Kruskal-Wallis test and then by Dunn post-test. The data analysis of immunoistochemistry of the mice´s skin fragments was performed by means of the Mann-Whitney test. The significance level was p<0.05 17 .
Results
Chorioallantoic membrane
In morphometric evaluation increase of the vascular area and of percentage of red-marked areas was observed in CAM treated as positive control 1% (17 ß-estradiol), ethanolic extract 1%, dichloromethane fraction 1% and hexanic fraction 1%, compared to solvent control (ethanol 70%). No differences were observed regarding the same parameter among the following groups: positive control 1%, ethanolic extract 1%, dichloromethane fraction 1% and hexanic fraction 1% (Figures 1 and 2) . The presence of inflammatory cells in CAM stained with hematoxylin and eosin was discrete in all evaluated groups, with predominance of heterofile polymorphonuclears, indicating that the effects of the observed treatments are not related to inflammatory activity.
The quantitation of blood vessels, carried out by planimetry in CAM stained with hematoxylin-eosin and treated with positive control 1% (17 ß-estradiol), C.officinalis flowers ethanolic extract 1%, dichloromethane fraction 1% and hexanic fraction 1%, indicated vessels increase compared to solvent control (ethanol 70%). No significant differences were observed regarding the same parameter among the following groups: positive control 1%, ethanolic extract 1%, dichloromethane fraction 1% and hexanic fraction 1% (Figure 3) . 
Rat´s cutaneous wounds
Digital planimetry by point counting performed on mice derm trated with ethanolic extract 1% revealed an increase in the number of blood vessels compared to solvent control (Figures 4  and 5 ). There was significant difference among the groups. As for intensity of VEGF espression in endothelial cells, there was no significant difference among the groups. 
Discussion
The increase of chorioallantoic membrane vascular area of CEE, DCF and HCF indicated a positive effect of these compounds on angiogenesis. This activity was confirmed by the quantitation of menbrane blood vessel on the histological sections. The results demonstrated that ethanolic extract and dichloromethane and hexanic fractions of Calendula officinalis flowers present inducer effect on the angiogenesis process. The same results were described by Patrick et al. 7 when they used an aqueous extract of C. officinalis grown in England.
From the CEE fractioning, the obtaiment of dichloromethane, hexanic, ethyl acetate and methanol-water fraction was possible. However, in this experiment, only the angiogenic effects of ethanolic extract and of the dichloromethane and hexanic fraction were tested, because Patrick et al. 7 had already proved the angiogenic activity of calendula aqueous extract. Therefore, the angiogenic activity was verified in less polar fractions (dichloromethane and hexanic), considering Moom et al. 18 , Hsu 19 and Leung et al. 20 pointed out that compounds with such polarity have saponins and flavonoids, which may present angiogenic activity.
Many compounds are present in the crude extract of a plant. Together or not, these extracts are responsible for certain biological activity 21 . In this study, CEE, DCF and HCF angiogenic effect of C. officinalis on CAM was verified, suggesting that both extract and fractions present compounds responsible for the observed vascular proliferative effects. In the way, Volpato 22 determined, by chromatographic estudies, that dichloromethane and hexanic fractions of Brazilian C. officinalis flowers are rich in triterpenes and steroids. Besides, Della-Loggia et al. 5 related calendula antiinflammatory activity to the presence of treterpenes. Thus the angiogenic activity verified in this work can be related mainly to these two compound classes, triterpenes and steroids, that are probably present in both extract and fractions of calendula flowers.
When substances are administered on CAM surface, unespecific inflammatory reaction may occur, inducing to a secondary vascular proliferative response 11 . In this work, CAM treated with calendula extract or fraction presented discrete inflammatory infiltrate. Also, ethanol and distilled water were used as solvent control in the experiment in order to verify if the ethanol would present any irritation on CAM. Therefore, it can be concluded that the increase of neovascularization observed in CAM is due to the C. officinalis direct activity on the membrane, and it is not related to the inflammatory reaction, confirming the findings by Patrick et al. 7 . The increase of the number of blood vessels on rat´s derm treated with ethanolic extract and verified by positive immunohistochemical for VEGF confirmed the intense activity on the neovacularization promoted by CEE in CAM model. The immunohistochemical technique, as a viable way for angiogenesis evaluation by positive marking for VEGF in this experimental model, indicated that the CEE angiogenic activity is not directly related to the increase of expression of this groth factor. Carmeliet [23] [24] observed that other proangiogenic factors, such as fibroblasts growth factors (FGF), or angiogenic cytokines, such as interleukin-8 (ILL-8), tumor necrosis factor-(TNF-) and transformation and growth factor-ß (TGF-ß), may also be related to angiogenesis mechanisms. This way, it is possible that other factors are involved in vascular proliferation generated by calendula flowers extract, verified in this work.
Conclusion
Calendula officinalis grown in Brazil showed accentuated angiogenic activity in both models used: chorioallantoic membrane of chicken fertilized eggs and rat´s cutaneous wounds.
